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1. Tobeeffective, thenext generationof conservationpractitioners andmanagers need
to be critical thinkers with a deep understanding of how tomake evidence-based deci-
sions and of the value of evidence synthesis.
2. If, as educators, we do not make these priorities a core part of what we teach, we
are failing to prepare our students to make an effective contribution to conservation
practice.
3. To help overcome this problem we have created open access online teaching mate-
rials in multiple languages that are stored in Applied Ecology Resources. So far, 117
educators from 23 countries have acknowledged the importance of this and are
already teaching or about to teach skills in appraising or using evidence in conserva-
tion decision-making. This includes 145 undergraduate, postgraduate or professional
development courses.
4. We call for wider teaching of the tools and skills that facilitate evidence-based con-
servation and also suggest that providing online teaching materials in multiple lan-
guages could be beneficial for improving global understanding of other subject areas.
KEYWORDS
critical thinking, education, evidence, open access
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Making informed conservation and ecosystem management choices is
basedupona soundunderstandingof the relevant evidence. There is an
increasing wealth of conservation science available, and access to this
is becoming easier. But, are conservation practitioners being trained to
utilize this information?
In conservation, decision-making is often based upon past experi-
ence or expert knowledge, as opposed to the full body of scientific lit-
erature (e.g., Pullin, Knight, Stone, & Charman, 2004; Rafidimanantsoa,
Poudyal, Ramamonjisoa, & Jones, 2018). The failure to include scien-
tific evidence in decision-making has the potential to reduce the effec-
tiveness of management, or even lead to detrimental actions being
undertaken (Walsh, Dicks, & Sutherland, 2015). Evidence-based con-
servation (EBC) seeks to avoid this by providing tools to facilitate and
inform decision-making. To do this, scientific evidence is collated and
critically appraised for its quality and relevance, and integrated with
other knowledge, experience, values and costs (Sutherland, Pullin, Dol-
man, & Knight, 2004). Wider adoption of EBC requires conservation
professionals to be trained in its principles and taught how to use it to
inform conservation decision-making.
1 EVIDENCE USE IN CONSERVATION
MANAGEMENT
Although there is increasing availability and accessibility of scientific
literature, uptake of evidence use within conservation has been slow.
For example, despite evidence published 8 years ago showing that bat
bridges are ineffective in reducing bat collisions with vehicles (Berthi-
nussen & Altrigham, 2012), they continue to be put up around the
United Kingdom at a considerable cost: in 2020, Norfolk Council spent
£1 million installing them along a new road. The collating of scientific
research (through evidence synthesis) has revealed numerous con-
cerns about the effectiveness of widely used conservation practices
and ecosystem management actions. Reviews of agri-environment
schemes highlight that some actions are more effective in achieving
objectives than other commonly used alternatives (Dicks et al., 2014).
A number of simple and routine practices, such as installing bumblebee
nest boxes (Lye 2009) are insufficiently effective at increasing pollina-
tion to justify use. Cleaning birds after oil spills has been shown to be
ineffective in increasing survival of oiled birds and their offspring, yet
is also routinely undertaken at a substantial cost (Williams et al., 2012).
Many practices may even be detrimental, such as in the case of moving
leopards away from dense human populations to reduce conflict,
instead increased the number of attacks (Athreya, Odden, Linnel, &
Karanth, 2010). Furthermore, critical analysis and understanding
of details and context is crucial for interpreting the relevance of
available evidence. For example, the effectiveness of wildflower strips
at promoting pollinators varies depending on their implementation,
management, landscape context and how they are designed (Haaland,
Naisbit, & Bersier, 2011). The outcome of most well-studied conser-
vation actions depends on context in this way. As a result of these
findings, there have been numerous calls to incorporate evidence
more effectively into conservation and management of biological
F IGURE 1 The core skills of evidence-based conservation. Based
on Young et al. (2014)
resources (Legge, 2015; Sutherland&Wordley, 2017; Sutherland et al.,
2004).
However, there are several long-standing barriers to evidence use
in conservation and environmental management decisions (Arlettaz
et al., 2010; Habel et al., 2013, Walsh, Dicks, Raymond, & Sutherland,
2019; Sunderland, Sunderland-Groves, Shanley, & Campbell, 2009).
These include: barriers to accessing the evidence, with much of it
behind paywalls or not being presented in a user-friendly format;
decision-makers not having the time or skills to read and interpret
all of the relevant scientific literature; and uncertainty or conflicting
results causing confusion and hampering understanding (Walsh et al.,
2019). Many of these barriers are being addressed through collation
and synthesis of evidence in various formats: Conservation Evidence
(conservationevidence.com), Collaboration of Environmental Evidence
(http://www.environmentalevidence.org/), Applied Ecology Resources,
and the new journals Ecological Solutions and Evidence and Conservation
Science and Practice. These initiatives save time by compiling all of the
evidence in one place, avoid jargon by summarizing information in plain
language summaries, and increase accessibility through open access
andproviding abstracts in languagesother thanEnglish (Schwartz et al.,
2019).
Despite these advancements, one barrier associated with a lack
of training in key skills in appraising and using evidence still requires
attention. Practitioners have reported to have limited or no scientific
education or training, and often have little access to professional devel-
opment and continuous education courses. They have also reported
that the general skills required in research use and EBC are limited: the
ability to search, read, interpret and critically appraise scientific litera-
ture is often lacking (Walsh et al., 2019).
Biological conservation is delivered by a wide range of organiza-
tions in the public, private and not-for-profit sectors. Thus, promot-
ing behaviour change across these dispersed and diverse organizations
posesparticular challengeswhencompared to industries characterized
by fewer, larger players, such as healthcare. Providing entrants to these
conservation organizations with the skills to find, interpret and eval-
uate evidence can help to address these inconsistencies and lead to
wider adoption and change.
An obvious starting point to address these education and training
gaps would be at the institutions that train conservation practitioners,
namely universities and other higher education organizations, as well
as professional development courses typically offered by learned soci-
eties (e.g., British Ecological Society, Society for Conservation Biology).
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TABLE 1 Summary of the extent to which the application of evidence-based conservation (EBC) is incorporated into key conservation science
textbooks published since 2000.We have focused on textbooks that might be used for introductory or advanced courses in conservation science





EBC and its role in
conservation
Examples or
















and how could be
applied to
conservation










Uses word evidence several times to
demonstrate the data available to
support certain hypotheses. Book
is about using quantitative
methods to solve conservation
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only just emerging
None None None None
Conservation Biology
(Pullin, 2002)
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(Continues)
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Tools and learningmaterials need tobedeveloped inorder toovercome
the barriers that havemade evidence-based decision-making challeng-
ing. If decision-makers (including practitioners) are trained to critically
evaluate and use evidence from an early career stage, then as they
attain leadership positions in which they can influence organizational
policy or action, they could drive how conservation is performed in the
future (Cook, Mascia, Schwartz, Possingham, & Fuller, 2013). Here we
discuss in more detail how EBC skills, including synthesis and use of
evidence, is currently taught in conservation, anddescribe a set of open
access materials that we have produced to aid further teaching of this
subject. It is hoped that this paper can inspire and empower instructors
to incorporate aspects of EBC into their various courses and training
programs, as a way to improve conservation decisions in the future.
2 TEACHING EVIDENCE-BASED PRACTICE AND
CRITICAL THINKING
Studies have shown that despite a large body of evidence examining
how to best teach critical thinking in educational settings (reviewed
in Behar-Horenstein & Niu, 2011) the education system (e.g., col-
leges, universities, professional development courses) can fail to pro-
vide learners with the tools and guidance they need to think critically
(Bailin, 2002; Pithers & Soden 2000; Smith 2020; Tiruneh, Verburgh,
& Elen, 2014). This can leave individuals struggling to properly inter-
pret, understand, and evaluate evidence. In some cases where politi-
cal parties and the media purposely or inadvertently mislead, people
actively distrust evidence. Making decisions without critical-thinking
skills can lead to poor choices (Bouygues, 2018). Furthermore, teach-
ing young people to think critically enables them tomake better judge-
ments about decisions, risks, and opportunities (Abrami et al., 2015).
Whilst the use of evidence is routine in many teaching environments,
the explicit teaching of how to synthesize, critically evaluate and use
evidence is inconsistent.
The theory and application of evidence-based practice has been
a key feature in medical and healthcare education and professional
development training for decades (Glasziou, Del Mar, & Salisbury,
2003, Straus, Glasziou, Richardson, & Haynes, 2018, with the first
edition in 1997). There have also been renewed requests to improve
the curricula and create standards of teaching for evidence-based
medicine skills (Dawes et al., 2005;Glasziou, Burts, &Gilbert, 2008). As
a result, healthcare practitioners are skilled in interpreting and using
relevant evidence in their day-to-day decisions and across broader
healthcare provision and policy. For example, the Centre for Evidence-
BasedMedicine, University of Oxford, and the BritishMedical Journal,
have online resources for medical students and teachers: https://www.
cebm.net/ebm-library/ and https://bestpractice.bmj.com/info/toolkit/.
Several health-focused systematic reviews found that the most effec-
tive methods of teaching skills of evidence-based practice involved
multi-faceted, practical methods such as lectures, workshops, jour-
nal clubs and real clinical settings that were linked to assessment
(Young, Rohwer, Volmink, & Clarke, 2014). We envisage, within a
decade, conservation students will be just as savvy to the concepts
and skills of evidence-based practice for environmental decisions,
but to achieve this will need the support, guidance, and leadership of
educators.
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TABLE 2 Open access materials provided in the Applied Ecology Resources platform to teach evidence-based conservation




- What is scientific evidence andwhy is it
important?
- How is scientific evidence used in
conservation?
- What are the barriers to scientific evidence
use in conservation?
- How are these barriers being addressed?
- Evidence synthesis
- Challenges of evidence synthesis
All. Content can be tailored to
any level of study
Exercise on searching and
critically evaluating literature





- Complex nature of environmental decisions
- What is scientific evidence andwhy is it
important?
- How is scientific evidence used in
conservation?
- What are the barriers to scientific evidence
use in conservation?
- How are these barriers being addressed?
- Evidence synthesis to support management
decisions
- Other solutions to using scientific evidence in
decisions
All. Content can be tailored to
any level of study.With an
emphasis on the practicalities







Some exercises throughout the
lecture
Link to a decision-making tool to






Why is testing of management actions
important?
Why is not more testing done?
How to plan and design an experiment in the
real world:
What is the specific question youwant to
answer?
What data is needed to answer this question?
How can these data be collected?
Is it practical to collect these data?
Will your question be answered? Is it worth
collecting these data?
Reporting results and reducing publication bias
All. Content can be tailored for
any level of study
Tasks throughout the lecture and
accompanying hand out with




Why dowe need research synthesis?
Research synthesis types
Systematic reviews: Question formulation,
Literature search, Literature filtering, Data
extraction, Data synthesis, Management
recommendations and research gap
identification
Meta-analysis: Formulate a question, Search for
relevant studies, Standardize the results of
each study (effect size) into a ’common
currency’,Weight the effect size by the
sample size, Average effect size across all
studies and test if this average effect size
differs significantly from zero, Look for
publication biases and heterogeneity
Advanced – for those whowant a
more in-depth understanding
of systematic reviews and
meta-analysis
An exercise on conducting
meta-analysis from a real data
set
Using the Conservation Evidence
database
What is the Conservation Evidence project?
How can the Conservation Evidence database
be used?
All. Content can be tailored for
any level of study
The presentation has tasks
spread throughout and a
follow-up exercise on using CE
to create amanagement plan
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3 EVIDENCE-BASED CONSERVATION IN
TEXTBOOKS
Textbooks are commonly used for undergraduate and even graduate
courses in conservation science (Hudson, 2009, Primack, 2003; Stin-
ner, 1995). They provide an important role (for better or worse) in edu-
cating the next generation of conservation practitioners and decision-
makers. In some cases they are assigned as the formal ’class text’ where
the instructor works through the text from start to finish. In other
cases, one or more texts are suggested as resources for students, or
instructors consult various texts when framing their courses. As such,
what appears in textbooks have a huge role in determining the educa-
tional content. An examination of key conservation science textbooks
published since 2000 (i.e., when the concept of EBC was developed)
revealed very few examples of where the principles of EBC had been
defined and introduced as a specific topic or where examples of rel-
evant resources were provided (Table 1). Moreover, not a single text-
book provided direction on the approaches and tools used in EBC to
underpin the application of science into policy and practice. This may
not be a surprise, as key papers on EBC were not published until as
recently as 2004 (e.g., Sutherland et al., 2004). However, it is remark-
able that our targeted search failed to locate meaningful inclusion
of the term ’evidence-based conservation’ in almost all contemporary
conservation science textbooks. Our search has been limited to those
texts that are conservation-specific and we acknowledge that there
may be some texts outside of this search that refer to EBC (e.g., ‘Living
in the Environment’ byMiller and Spoolman).
3.1 Teaching and learning resources
To aid teaching the subject ‘evidence-based conservation’, we have pro-
vided a range ofmaterials for use andmodification, available atApplied
Ecology Resources (https://www.britishecologicalsociety.org/applied-
ecology-resources/about-aer/additional-resources/evidence-in-
conservation-teaching/). These materials cover the core themes of
teaching the principles and practice of EBC (Figure 1), as well as more
in-depth materials on subjects such as meta-analysis and designing
management interventions as experiments (Table 2). The material
comprises lectures, lecture handouts, workshop suggestions, assess-
ments, a library of weblinks, exercises and a reading list. These are
available in a number of languages. This material is free of copyright
(material donated by authors) andmaterial can be used in their current
form, modified, or combinedwith the lecturer’s ownmaterial.
A range of existing courses (Appendix 1) currently have at least one
lecture or workshop devoted to the topic of EBC. This includes 60
undergraduate, 73 graduate and 12 professional development courses
across a wide range of environmental and biological sciences. The
authors of this piece all run such a session (but are not necessarily
course organizers).We hope this widespread teaching of EBCwill raise
the awareness that many conservation textbooks fail to adequately
cover this topic. Havingmore core texts devoting chapters to this topic
could aid teachers and students alike.
Initially, EBC could be added as a single lecture in a course, but
over time, entire courses could be developed to equip practitioners and
researcherswith the skills to implement EBCdecision-making and lead
the changewithin their future professional roles.
Over time we expect the use of collated evidence to become a stan-
dard element of all conservation training and included in standard text-
books andonline courses.Whilst these resources are aimed specifically
for conservation and environmental management education and train-
ing, we believe evidence-based decision-making is a crucial skill for stu-
dents of any sector.
4 CONCLUSION
Students attending conservation lectures, tutorials, and professional
development courses today will be making the decisions about how
best to protect and conserve nature in the future. Providing these
learners with the skills necessary to make decisions based on an
appraisal of all of the available information, and to think critically about
what works and what does not, is vital for ensuring effective conser-
vation. In addition, it is important that they have the confidence and
information to break precedent. This includes being able to abandon
the status quo even if there is significant institutional resistance to
change, and to make informed decisions when evidence is imperfect.
With this understanding, practitioners and decision-makers will be in a
position to demand more and better evidence, using their positions to
help direct funding and research efforts to build the evidence base.
The large number and variety of courses globally that have commit-
ted to including at least one lecture about EBC within the next year
shows the great demand for these skills to be taught. While provision
of educational resources is only part of the solution towards wider
uptake of evidence-based decision-making, we hope that the collation
and sharing of these materials begins to address this demand. We sug-
gest that this could usefully be replicated on a wider scale for other
subject areas where there appear to be similar gaps in teaching (e.g.,
foresight science in conservation). We also make a plea to those writ-
ing new conservation textbooks to includematerial on EBC.
ACKNOWLEDGEMENTS
HD andWJS thank Arcadia andMAVA for funding and the referees for
improving themanuscript.
CONFLICT OF INTEREST
The authors have no conflict of interest to declare.
AUTHORS’ CONTRIBUTIONS
HDandWJS conceived the idea.HD, TA,MC,CNC, SJC,NRH, JPGJ,NL,
JCW and WJS led the writing of the manuscript and associated mate-
rials. All authors contributed to the drafts and gave final approval for
publication.
DATA AVAILABILITY STATEMENT
No data was used in this study.
10 of 11 DOWNEY ET AL.
PEER REVIEW





Julia P.G. Jones https://orcid.org/0000-0002-5199-3335
JessicaC.Walsh https://orcid.org/0000-0002-5284-4323






















Abrami, P. C., Bernard, R.M., Borokhovski, E.,Waddington, D. I.,Wade, C. A.,
& Persson, T. (2015). Strategies for teaching students to think critically:
Ameta-analysis.Reviewof Educational Research,85, 275–314. https://doi.
org/10.3102/0034654314551063
Arlettaz, R., Schaub,M., Fournier, J., Reichlin, T. S., Sierro, A.,Watson, J. E., &
Braunisch, V. (2010). From publications to public actions: When conser-
vation biologists bridge the gap between research and implementation.
BioScience, 60, 835–842.
Athreya, V., Odden, M., Linnel, J., & Karanth, U. (2010). Translocation as a
tool formitigating conflictwith leopards in humandominated landscapes
of India. Conservation Biology, 25, 133–141.
Bailin, S. (2002). Critical thinking and science education. Science & Education,
11, 361–375.
Behar -Horenstein, L. S., & Niu, L. (2011). Teaching critical thinking skills in
higher education: A review of the literature. Journal of College Teaching &
Learning (TLC), 8(2).25–42.
Berthinussen, A., & Altringham, J. (2012). Do bat gantries and underpasses
help bats cross roads safely? PLoS ONE, 7(6), e38775.
Bouygues, H. L. (2018) The state of critical thinking: A new look
at reasoning at home, school and work, White Paper. The Reboot
Foundation. Retrieved from https://reboot-foundation.org/wp-
content/uploads/_docs/REBOOT_FOUNDATION_WHITE_PAPER.pdf
Cook, C. N., Mascia, M. B., Schwartz, M. W., Possingham, H. P., & Fuller, R.
A. (2013). Achieving conservation science that bridges the knowledge-
action boundary. Conservation Biology, 27, 669–678.
Dawes, M., Summerskill, W., Glasziou, P., Cartabellotta, A., Martin, J.,
Hopayian, K., . . . Osborne, J. (2005). Sicily statement on evidence-based
practice. BMCMedical Education, 5, 1–7.
Dicks, L. V., Hodge, I., Randall, N., Scharlemann, J. P. W., Siriwardena, G.
M., Smith, H. G., . . . Sutherland, W. J. (2014). A transparent process for
‘evidence-informed’ policy making. Conservation Letters, 7, 119–125.
Glasziou, P., DelMar, C., & Salisbury, J. (2003). Evidence-basedmedicinework-
book. London: BMJ Publishing Group.
Glasziou, P., Burts, A., & Gilbert, R. (2008). Evidence basedmedicine and the
medical curriculum. British Medical Journal, 337, 704–705.
Haaland, C., Naisbit, R. E., & Bersier, L. F. (2011). Sown wildflower strips
for insect conservation: A review. Insect Conservation and Diversity, 4,
60–80.
Habel, J. C., Gossner,M.M.,Meyer, S. T., Eggermont,H., Lens, L., Dengler, J., &
Weisser,W.W. (2013).Mind the gapswhenusing science to address con-
servation concerns. Biodiversity and Conservation, 22(10), 2413–2427.
Hudson, S. J. (2009). Challenges for environmental education: Issues and
ideas for the 21st century. BioScience, 51, 283–288
Legge, S. (2015). A plea for inserting evidence-basedmanagement into con-
servation practice. Animal Conservation, 18, 113–116.
Lye, G. (2009). Nesting ecology, management and population genetics of
bumblebees: An integrated approach to the conservation of an endan-
gered pollinator taxon, PhD thesis, Stirling University.
Pithers, R. T., & Soden, R. (2000). Critical thinking in education: A review.
Educational research, 42(3), 237–249.
Primack, R. B. (2003). Evaluating conservation biology textbooks. Conserva-
tion Biology, 17(5), 1202–1203.
Pullin, A. S., Knight, T. M., Stone, D. A., & Charman, K. (2004). Do conserva-
tion managers use scientific evidence to support their decision-making?
Biological Conservation, 119(2), 245–252.
Rafidimanantsoa, H. P., Poudyal, M., Ramamonjisoa, B. S., & Jones, J. P.
G. (2018). Mind the gap: The use of research in protected area man-
agement in Madagascar. Madagascar Conservation and Development, 13,
15–24.
Schwartz,M.W., Belhabib, D., Biggs, D., Cook, C., Fitzsimons, J., Giordano, A.
J., . . . Runge, M. C. (2019). A vision for documenting and sharing knowl-
edge in conservation. Conservation Science and Practice, 1, e1. https://doi.
org/10.1111/csp2.1
Smith, M. (2020) Is critical thinking really critical? A research study of the inten-
tional planning for the teaching of critical thinking in the middle grades. Dis-
sertations 464. Retrieved from https://digitalcommons.nl.edu/diss/464
Stinner, A. (1995). Science textbooks: Their present role and future form. In
S. H. Glynn & R. Dutt (Eds.) Learning science in the schools (pp. 275–296).
New York: Routledge.
Straus, S. E., Glasziou, P., Richardson,W. S., & Haynes, R. B. (2018). Evidence-
based medicine e-book: How to practice and teach EBM (5th ed.). Amster-
dam: Elsevier.
Sunderland, T., Sunderland-Groves, J., Shanley, P., & Campbell, B. (2009).
Bridging the gap: How can information access and exchange between
conservation biologists and field practitioners be improved for better
conservation outcomes? Biotropica, 41(5), 549–554.
Sutherland,W. J., Pullin, A. S., Dolman, P.M., &Knight, T.M. (2004). The need
for evidence-based conservation. Trends in Ecology and Evolution,19(6),
305–308. https://doi.org/10.1016/j.tree.2004.03.018
Sutherland, W. J., & Wordley, C. F. (2017). Evidence complacency hampers
conservation.Nature Ecology & Evolution, 1(9), 1215–1216.
Tiruneh, D. T., Verburgh, A., & Elen, J. (2014). Effectiveness of critical think-
ing instruction in higher education: A systematic review of intervention
studies.Higher Education Studies, 4, 1–17.
DOWNEY ET AL. 11 of 11
Walsh, J. C., Dicks, L. V., & Sutherland, W. J. (2015). The effect of scientific
evidence on conservation practitioners’ management decisions. Conser-
vation Biology, 29, 88–98.
Walsh, J. C., Dicks, L. V., Raymond, C.M., & Sutherland,W. J. (2019). A typol-
ogy of barriers and enablers of scientific evidence use in conservation
practice. Journal of Environmental Management, 250, 109481.
Williams, D. R., Pople, R. G., Showler, D. A., Dicks, L. V., Child, M. F., zu
Ermgassen, E. K. H. J., & Sutherland,W. J. (2012). Bird conservation: Global
evidence for the effects of interventions. Exeter: Pelagic Publishing.
Young, T., Rohwer, A., Volmink, J., & Clarke, M. (2014). What are the effects
of teaching evidence-based health care (EBHC)?Overview of systematic
reviews. PLoS ONE, 9, e86706.
SUPPORTING INFORMATION
Additional supporting informationmay be found online in the Support-
ing Information section at the end of the article.
How to cite this article: DowneyHAmano,MCadotteS, et al.
Training future generations to deliver evidence-based
conservation and ecosystemmanagement. Ecol Solut Evidence.
2021;2:e12032. https://doi.org/10.1002/2688-8319.12032
